We conducted a retrospective database search of the Hospital Morbidity Data System at the Health Department of Western Australia to determine the number of anaesthetics given to children aged 16 years or less in Western Australia over a twelve-month period. Information was also collected to assess the types of surgery for which anaesthesia was being provided, and the categories of hospital in which children were being anaesthetized. We found that 28,522 anaesthetics were given to 24,981 children, and 2,462 (9.9%) children had more than one anaesthetic. Five and a half percent of the children in Western Australia had an anaesthetic during the twelve months studied. The most common types of surgery were ear nose and throat (28% of anaesthetics), general (21%), dental/oral procedures (17%) and orthopaedic (15%). There was a bimodal distribution in the incidence of anaesthesia versus age, with peaks at 4 years and at 16 years. The most common category of hospital that children were anaesthetized in was private metropolitan (40%) followed by tertiary (38%), rural (14%) and public metropolitan (8%). One thousand, seven hundred and seven children aged less than one year were given an anaesthetic. These anaesthetics were most frequently given to children in tertiary hospitals (62%) followed by private metropolitan (30%), public metropolitan (6%) and rural hospitals (2%).
It has been estimated that 10% of the Australian population undergoes anaesthesia each year 1 . Many children require anaesthesia for surgical procedures and investigations each year, but the incidence of anaesthesia is not known and may be different from that of adults. Data extrapolated from a survey of French anaesthetists showed that 5.4% of girls aged between 4 and 14 years were anaesthetized in France during 1996 2 . There appear to be no other published reports on the frequency of anaesthesia in children. Determining the frequency is important; firstly, to provide baseline information in the calculation of the risk of anaesthesia, and secondly, to assist in the planning of health care delivery. Therefore, in this study we set out to determine the incidence of anaesthesia in West Australian children, and to determine the reasons for anaesthesia.
METHODS

Data source
We collected data from the Hospital Morbidity Data System, which is located at the Health Department of Western Australia. All hospitals in Western Australia code details of their patients' admissions using the International Statistical Classification of Diseases and Related Health Problems, 10th revision, Australian Modification (ICD-10-AM) 3rd edition, 2002 3 , and are required by law to report their data to the Health Department. The Hospital Morbidity Data System includes all admissions to private and public hospitals throughout Western Australia, so that all hospital admissions are recorded on a single database. To ensure completeness of data, we confirmed that all smaller hospitals and day surgery units had submitted their data for the period studied. However, data are not collected for anaesthetics administered to outpatients. The group of children undergoing general anaesthesia for magnetic resonance imaging scans was the only outpatient group identified, and the number of these anaesthetics was obtained from hospital department records.
Data on hospital separations involving a procedure associated with a code for general anaesthesia were analysed. The study period was the 12 months from July 1, 2002 , to June 30, 2003 . We limited the study group to the paediatric population by only including data for patients aged 16 years or less. Data in the Hospital Morbidity Data System are grouped into diagnosis related groups (DRG) of clinically similar cases. These DRGs are then categorized into various medical and surgical specialties by the Health Information Centre. Some surgical procedures were classified under general practice and general medicine specialty groups by the Health Information Centre. Therefore, these two specialty groups were examined and the data for the surgical procedures within them were reallocated into the appropriate surgical specialty. The denominators for the incidence of anaesthesia in children were population figures from the 2001 Australian Census, adjusted with the rates calculator at the Department of Health's Epidemiology Branch.
RESULTS
In Western Australia, 28,522 general anaesthetics were administered to children aged 16 years or less during the 12 months ending June 30, 2003. These anaesthetics were administered to 24,981 children, or 5.5% of the Western Australian child population. Ninety per cent of these children were anaesthetized only once (Tables 1 and 2 ). There was a bimodal distribution in the incidence of anaesthesia in different ages, with peaks at four years and at 16 years ( Figure 1 ). Boys underwent anaesthesia more commonly than girls at all ages younger than 15 years (overall 6.2% compared to 4.7%). Among children 16 years and younger in Western Australia, ear, nose and throat surgery procedures were the most common involving a general anaesthetic, accounting for over 28% of anaesthetics given, with general surgery being the next most common overall (21%) ( Table 3 , Figure 2 ). The incidence of anaesthesia was highest amongst four-year-old boys (9.4%), and lowest amongst 12-year-old girls (3.3%). General anaesthesia was more commonly performed on boys than girls in all surgical specialties except neonatology, dental/oral surgery and obstetrics/ gynaecology.
In children under two years, general anaesthesia for general surgery was twice as frequent among boys as girls. Ear nose and throat (ENT) surgery was the most common surgical specialty in all children aged between one and nine years. From 12 years onwards, general and orthopaedic procedures were the most common reason for general anaesthesia in boys, and ENT and dental procedures in girls (Table 3) .
Forty per cent of general anaesthetics given to children were administered in private metropolitan hospitals, and 38% were given in public tertiary hospitals ( Figure 3 ). There were 1,707 anaesthetics given to children aged less than one year. These anaesthetics were more commonly given in tertiary centres, and less commonly in rural centres, compared to the paediatric group as a whole (Figure 4 ).
DISCUSSION
Our results show that 28,522 general anaesthetics were given to 24,981 children in Western Australia during the 12-month study period. This number of children represented 5.5% of the West Australian childhood population. This rate of anaesthesia in children is lower than the 10% rate estimated for adults in Australia 1 , and the 13.5% reported for adults in France 2 . The rate in Western Australia is also lower than the paediatric rate reported in France, which ranged from 14.2% of boys aged 1-4 years (compared *All patients aged 28 days and less undergoing a procedure under anaesthesia were coded as "Neonatology". to 9.8% in our study) to 5.4% of girls aged 5-14 years (compared to 4.7% in our study). However, the rates in the French study were extrapolated from a postal survey of a sample of French anaesthetists' workload over a three-day period, and included sedation and regional anaesthesia as well as general anaesthesia. Our data includes nearly every general anaesthetic over a 12-month period, and is likely to be more accurate. We studied data for the twelve months ending June 30, 2003 because these are the most recent, complete data available within the Hospital Morbidity Data System. Western Australia is geographically isolated. There would have been only a small number of children who live in Western Australia but had anaesthesia in another state during the study period. Similarly, there would have been only a small number of children who live in another state who had anaesthesia in Western Australia during the study period. While the incidence of paediatric anaesthesia that we report is likely to be similar throughout Australia, it may not be identical. For example, while we found equal proportions of male and female neonates underwent anaesthesia and surgery, 63% of neonates undergoing surgery in New South Wales were male 4 . Also, differences in the use of general or regional anaesthesia for common procedures such as paediatric dentistry and closed reduction of limb fractures could affect the incidence of general anaesthesia in other parts of Australia.
ENT surgery, general surgery, dentistry/oral surgery and orthopaedic surgery were the four most common reasons for anaesthesia, and accounted for slightly more than 80% of all anaesthetics in children. We were not able to determine the specific surgical procedures for which anaesthesia had been administered because of the limitations of the coding system data. However, several procedures are common in childhood-for example, myringotomy and insertion of ventilatory tubes into the eardrum is performed in 0.76% of children, adenoidectomy in 0.63% 5 , and circumcision in 0.5% of one-year-old boys 6 . Boys had anaesthesia more commonly than girls in all age groups, and in all specialties except neonatology, dental/oral surgery and obstetrics/gynaecology. This difference appeared to be due to more general surgery in boys four years and less, and more orthopaedic surgery in 15-to 16-year-old boys compared to girls. However, the difference in incidence of anaesthesia between 15-to 16-year-old boys and girls was reduced by the higher frequency of dental/oral surgery procedures in 13-to 15-year-old girls compared to boys.
Despite Western Australia having a specific C. SimS, B. Stanley, e. milne children's hospital, the commonest location for paediatric anaesthesia was in private metropolitan hospitals. This may be due to the high rate of private health insurance among West Australians, and the trend for the children's hospital to evolve from a predominantly community-based to a tertiary practice as the population grows. The location of infant anaesthesia was different from that of older children. The risks of anaesthesia in children aged less than one year are almost tenfold greater compared to the risks in older children 7, 8 . Our data showed that nearly all children aged less than one year were anaesthetized in the metropolitan area, and most commonly in tertiary centres. Only 3% of children aged less than one year were anaesthetized in rural centres, compared to 14% of all children anaesthetized. This is consistent with guidelines from the Australia and New Zealand College of Anaesthetists 9 , calls for caution in attempting occasional paediatric surgery and anaesthesia 10 , and with the metropolitan predominance of specialist anaesthetists in Western Australia.
Factors affecting the validity of our data should be considered. First, the accuracy of our results depends on the reliability of the coding of hospital data. There was only a single anaesthetic code, and surgical procedures are generally easily identified within patient records. Furthermore, the quality of information is augmented by the use of trained coders who assign ICD-10-AM codes based on Australian national standards. Second, some children may have been assigned to an inappropriate surgical specialty category: for example 124 children in the 'Other' specialty category had a DRG code for 'Endocrinology'. We believe that rather than having had an endocrinology surgical procedure, these were mostly children with diabetes who underwent a variety of surgical procedures. Although this limitation of categorizing DRG by clinical specialty may have affected the accuracy of the number of anaesthetics assigned to the different surgical specialties, it does not affect the calculation of the total number of anaesthetics given during the twelve-month study period. Finally, it is likely that some children who had outpatient anaesthesia for a magnetic resonance image scan also had inpatient anaesthesia. However, we have counted each outpatient as one child who had an anaesthetic, and this may lead to a small overestimation in the total number of children, but not the total number of anaesthetics.
Children often require general anaesthesia for investigations and other procedures, for which adults do not require anaesthesia. While it would have been of interest to determine whether anaesthesia was for surgery or an investigation, this was not possible with current coding techniques.
In conclusion, we have shown that anaesthesia is commonly administered to children, with 5.5% of all children in Western Australia receiving a general anaesthetic during the 12-month period over 2002/ 2003. Most anaesthetics were given to children undergoing ENT surgery, general surgery and dental/oral surgery procedures. Most children were anaesthetized in non-paediatric hospitals, and there was an appropriate tendency for children aged less than one year to be anaesthetized in paediatric centres. Our data quantifies the incidence of paediatric anaesthesia in Western Australia, and provides baseline data for future comparisons. 
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